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Abstract. Sediment dynamics play a major role in the agri-
cultural and ﬁshery productivity of the Mekong Delta. How-
ever, the understanding of sediment dynamics in the delta,
one of the most complex river deltas in the world, is very
limited. This is a consequence of its large extent, the in-
tricate system of rivers, channels and ﬂoodplains, and the
scarcity of observations. This study quantiﬁes, for the ﬁrst
time, the suspended sediment transport and sediment depo-
sition in the whole Mekong Delta. To this end, a quasi-2D
hydrodynamic model is combined with a cohesive sediment
transport model. The combined model is calibrated using six
objective functions to represent the different aspects of the
hydraulic and sediment transport components. The model is
calibrated for the extreme ﬂood season in 2011 and shows
good performance for 2 validation years with very different
ﬂood characteristics. It is shown how sediment transport and
sediment deposition is differentiated from Kratie at the en-
trance of the delta on its way to the coast. The main fac-
tors inﬂuencing the spatial sediment dynamics are the river
and channel system, dike rings, sluice gate operations, the
magnitude of the ﬂoods, and tidal inﬂuences. The superposi-
tion of these factors leads to high spatial variability of sed-
iment transport, in particular in the Vietnamese ﬂoodplains.
Depending on the ﬂood magnitude, annual sediment loads
reaching the coast vary from 48 to 60% of the sediment
load at Kratie. Deposited sediment varies from 19 to 23%
of the annual load at Kratie in Cambodian ﬂoodplains, and
from 1 to 6% in the compartmented and diked ﬂoodplains
in Vietnam. Annual deposited nutrients (N, P, K), which are
associated with the sediment deposition, provide on average
more than 50% of mineral fertilizers typically applied for
rice crops in non-ﬂooded ring dike ﬂoodplains in Vietnam.
Through the quantiﬁcation of sediment and related nutrient
input, the presented study provides a quantitative basis for
estimating the beneﬁts of annual Mekong ﬂoods for agri-
culture and ﬁshery, and is an important piece of informa-
tion with regard to the assessment of the impacts of deltaic
subsidence and climate-change-related sea level rise on delta
morphology.
1 Introduction
The Mekong Delta (MD) is critical to the livelihoods and
food security of millions of people in Vietnam and Cambo-
dia. It is known as the “rice bowl” of South East Asia and
one of the world’s most productive ﬁsheries. This is a re-
sult of huge ﬂoodplains and wetlands, high local ﬂow vari-
ability and the high sediment–nutrient load of the Mekong.
However, the Mekong is facing sediment starvation caused
by the massive development of hydropower dams (Lu and
Siew, 2006; Fu and He, 2007; Fu et al., 2008; Kummu and
Varis, 2007; Kummu et al., 2010; Walling, 2008; Gupta et
al., 2012; Liu and He, 2012; and Liu et al., 2013). The dams
planned or already under construction along the main stem of
the Mekong in the middle Mekong basin might alter the sed-
iment regime of the MD dramatically. Kummu et al. (2010)
estimated that hydropower reservoirs could trap 67% of the
sediment reaching the Mekong Delta compared to the sta-
tus quo, if all the planned dams are built. In a more recent
study, Kondolf et al. (2014) estimated that in the event that
all planned dams are built, 96% of the historical sediment
load of the pre-dam period would be trapped. Moreover, the
MD is sinking due to human activities (Ericson et al., 2006;
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Syvitsky and Saito, 2007; Syvitsky et al., 2009; Syvitsky and
Higgins, 2012). Taking into account the future reduction in
sediment load of the Mekong and expected sea level rise, ef-
fective subsidence rates of 6mmyr−1 have been estimated
(Syvitsky et al., 2009). Understanding and quantifying the
sediment and associated nutrient transport and deposition are
crucial for the economy of the MD. This knowledge would
enable an estimation of the beneﬁts of the annual ﬂoods, sup-
plying sediment and nutrients for ﬁsheries and a natural fer-
tilization of the agriculturally used ﬂoodplains. It would pro-
vide a quantitative base for the ongoing debate regarding the
sustainability of the increasing practice of totally blocking
ﬂoodplain inundation in the Vietnamese part of the MD in
favor of three cropping periods per year. Due to the lack of
natural fertilization by ﬂoods, this cropping practice requires
higher mineral fertilizer application (Ve, 2009). Further, it
would allow for assessing the contribution of sediment depo-
sition to counteract deltaic subsidence and climate-change-
related sea level rise.
So far, the understanding of sediment and nutrient trans-
port and deposition in the MD is very limited. Regard-
ing larger-scale sediment transport and deposition, only one
study has been published using a combination of 1-D, 2-D
and 3-D hydrodynamic models (MRCS/WUP-FIN, 2007).
However, the study was limited to the Plain of Reeds (PoR,
the north-eastern part of the Vietnamese MD), and it consid-
ered only the main rivers and channels. It also lacked quanti-
tative measurement data of ﬂoodplain deposition for calibrat-
ing the model. On the plot scale, a few experimental studies
targeting speciﬁc aspects exist. These include ﬁne sediment
dynamics in the Mekong estuaries (Wolanski et al., 1996),
ﬁne sediment transport and deposition in the Long Xuyen
Quadrangle (Thuyen et al., 2000), sediment deposition and
erosion in ﬂoodplains (Hung et al., 2014a, b), and sediment–
nutrient deposition in ﬂoodplains (Vien et al., 2010; Manh
et al., 2013). None of the published studies provides a quan-
tiﬁcation of the spatial distribution of sediment transport and
deposition for the whole MD, although Manh et al. (2013)
sampled the ﬂoodplain deposition in 11 different ﬂoodplain
compartments distributed all over the northern part of the
Vietnamese Mekong Delta. This study provided a ﬁrst in-
sight into the spatial variability of the ﬂoodplain deposition,
but a total spatial picture could not be drawn due to the high
spatial variability of the deposition and the complex chan-
nel network, both prohibiting a spatial interpolation of the
results.
The heterogeneous and heavily disturbed hydraulic sys-
tem of the Mekong Delta poses, in combination with the
large spatial extent, a particular challenge for the quantiﬁ-
cation of sediment transport and deposition. The Vietnamese
part of the MD (VMD) consists of several thousand ﬂood-
plain compartments, with areas varying from approximately
50 to 500ha. While the Cambodian ﬂoodplains show a low
level of human interference, the VMD ﬂoodplains are heav-
ily modiﬁed. Typically, a ﬂoodplain compartment is enclosed
by a ring dike, which is surrounded by channels intercon-
nected to a ring. Hydraulic structures (sluice gates, pumps)
link the ﬂoodplains to the channels. The hydraulic connec-
tion between channels and ﬂoodplains in the VMD varies
depending on dike level, ﬂood magnitude and sluice gate and
pump operations (Hung et al., 2012), causing a high variabil-
ity in ﬂoodplain sedimentation (Manh et al., 2013).
Recently, a quasi-2D hydrodynamic model of the whole
MD was developed by Dung et al. (2011) using DHI
Mike 11. This model provides an appropriate compromise
between model complexity, spatial coverage and resolution,
and computational demand. The model includes a 1-D rep-
resentation of the river and channel network and a quasi-2D
representation of the VMD ﬂoodplains. The ﬂoodplains are
represented as orthogonal, wide, and shallow cross sections
separated from the channels by dikes and connected to the
channels by control structures such as sluice gates. By apply-
ing this approach, the ﬂoodplain compartments in the VMD
are represented in two dimensions but calculated in 1-D. The
rather natural ﬂoodplains in Cambodia are represented with
widely extended river cross sections in the 1-D model.
Given the research gaps identiﬁed above as well as previ-
ous work, this study aims at a spatially distributed model-
based quantiﬁcation of the ﬂoodplain deposition in the
Mekong Delta. In order to quantify the sediment transport
and deposition, this study builds on the work of Dung et
al. (2011) and couples the hydraulic model with a cohe-
sive sediment transport model. The combined model is cali-
brated with daily water levels at 13 stations, daily discharges
at 10 stations, inundation extent for several points in time,
daily suspended sediment concentrations (SSC) at 2 river
stations, SSC at 79 stations for 6 points in time, and an-
nual cumulative sedimentation masses collected at 11 loca-
tions in the Vietnamese ﬂoodplains. Hence, a very compre-
hensive data set is used for model calibration encompassing
main rivers, channels and ﬂoodplains. The model is applied
to three ﬂood events covering an extremely low ﬂood (2010),
an average ﬂood (2009) and an extremely high ﬂood (2011)
(MRC, 2011b).
2 Study area
In this study the Mekong Delta is deﬁned as the basin area
downstream of the gauging station Kratie in Cambodia. This
is the ﬁrst gauging station upstream of Kampong Cham,
where bank overtopping initiates the large ﬂoodplain inunda-
tions on the left bank of the Mekong, and the overland ﬂood
wave to the Vietnamese part of the delta (Fig. 1). Floods in
the Mekong Delta are generated from the 10th-largest river
discharge in the world (Gupta, 2008). The Mekong River
drains an area of 795000km2 from the eastern watershed
of the Tibetan Plateau to the MD. The Mekong River has a
length of about 4900km and passes through China, Myan-
mar, Lao PDR, Thailand, Cambodia and Vietnam before
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Figure 1. The Mekong Delta from Kratie to the coasts, including
river network, main discharge stations and inundated area (average
over 10 years).
reaching the South China Sea. The annual ﬂood pulse in
response to the western North Paciﬁc monsoon during the
months of July to October is the key hydrological charac-
teristic of the Mekong River. The start of the ﬂood season
in the MD is deﬁned when the mean annual discharge of
13600m3 s−1 at Kratie is exceeded (MRC, 2007). The long-
term average annual ﬂood volume is 330km3, with a mean
annual ﬂood duration of 137 days, typically starting in July
(MRC, 2011a). Reported estimated annual sediment loads
for the Mekong vary between 50 and 160 million tons (Lu
et al., 2014: 50–91million tons; Milliman and Farnsworth,
2011:110milliontons;Walling,2008:160milliontons).The
annual dissolved sediment load was estimated at 60million
tons by Milliman and Farnsworth (2011).
In this work the MD is divided into the four subsystems in
order to facilitate the discussion of ﬂood hydraulics and sedi-
ment transport: (1) Cambodian Mekong Delta, (2) Tonle Sap,
(3) Vietnamese Mekong Delta and (4) coastal area (Figs. 1
and 7, right panel). In the following, the salient features of
each subsystem are described.
The Cambodian Mekong Delta consists of all rivers and
ﬂoodplains in Cambodia, excluding Tonle Sap. This encom-
passes the Mekong River downstream of Kratie until the
Mekong is divided into three branches at the Chatomuk junc-
tion near Phnom Penh: the Tonle Sap River diverting water
north to the Tonle Sap Lake (TSL) in Cambodia, and two
branches transporting water south to the VMD and the sea,
namely the Bassac River (Hau River in Vietnam) and the
Mekong River (Tien River in Vietnam). These ﬂoodplains,
with a total area of around 11000km2, are in a comparative
natural state, i.e., show a low level of human interference in
terms of hydraulic structures and channels. During the ﬂood
season overbank ﬂow from the Mekong and Bassac rivers
causes large-scale inundations in these parts.
The Tonle Sap region includes the Tonle Sap Lake (TSL)
and the Tonle Sap River. The ﬂow into the TSL during the
rising and high stage of the annual ﬂoods is reversed during
thefallingstageandthefollowingdryseason.HencetheTSL
acts as a huge buffer retaining ﬂood water and sediment dur-
ing the ﬂood season and increasing discharge of the Mekong
during the dry season. The TSL stores up to 10% of the total
wet season ﬂow volume of Kratie, and reduces the maximum
discharge measured at Kratie by 16% (MRC, 2009).
The subsystem Vietnamese Mekong Delta VMD starts
at the Cambodian–Vietnamese border a few kilometers up-
stream of gauging stations Tan Chau and Chau Doc, and
extends to My Thuan and Can Tho at the Tien River and
Hau River, respectively, with an area of about 19500km2.
The VMD is a highly complex river delta as a result of an-
thropogenic interference, encompassing numerous channels,
dikes, sluices gates and pumps. The total length of the chan-
nel network is about 91000km, resulting in a dike system
that is approximately twice as long. An overall 75% of the
∼ =10million people in the VMD live in rural areas (GSO,
2012), whereas the rural residential areas are primarily dis-
tributed along the dike lines. Most of the transportation dur-
ingtheﬂoodseasonhappensonwaterways,especiallyduring
high ﬂood events. The main channels are directly connected
to the Mekong and the Bassac rivers. Secondary channels
distribute water from the main channels to ﬂoodplains and
smaller channels. The ﬂoodplains are thus dissected into nu-
merous, mostly rectangular compartments typically enclosed
by dike rings of different heights.
The ﬂoodplains of the VMD are subdivided into three re-
gions (Fig. 1): (1) the Long Xuyen Quadrangle (LXQ), an
area of annually inundated ﬂoodplains bordering Cambodia
and stretching west of the Hau River to the coast, (2) the
Plains of Reeds (PoR), an area of annually inundated ﬂood-
plains also bordering Cambodia but to the east of the Tien
River, and (3) the area in between Tien River and Hau River
(THA). The inundations in LXQ are mainly caused by the
Hau River and to lesser extent by overland ﬂow from the
Cambodian ﬂoodplains. In PoR, ﬂoods are caused by the
Tien River and by signiﬁcant overland ﬂow from the Cam-
bodian ﬂoodplains providing a second ﬂood pulse, typically
with a few weeks’ lag time to the peak ﬂow of the Hau River.
Almost all ﬂoodplains in VMD are compartmented and
used for agricultural production. The original ﬂoodplains are
fragmented by the channel network and enclosed by ring
dikes. The compartment areas range from 50 to 500ha. They
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are linked to channels through sluice gates. The operation of
these gates depends on ﬂood magnitudes, ring dike heights
and crop patterns. Ring dike systems are usually classiﬁed as
low or high dike compartments. In high dike compartments
the dike height is designed according to the maximum water
level of the record ﬂood in the year 2000. They are equipped
with sluice gates and often with additional pumping systems.
The ﬂooding of these compartments is usually completely
controlled. The total length of the high dike compartments
has increased rapidly in the past 10 years. Remote sensing
data show that the triple crop area, an indicator of high dike
rings and complete ﬂood control, is concentrated in LXQ and
THA (Leinenkugel et al., 2013). In low dike compartments
theﬂoodcanbecontrolledduringtherisingandfallingstages
of the ﬂood season only. Overbank ﬂow occurs during the
high stage of the annual ﬂoods. The heights of low dike com-
partments vary depending on the experience and capacity of
farmers. The main purpose of these dikes is the support of
the farming activities. During the early stages of the ﬂood,
the dikes protect the second rice crop from ﬂooding until
it is harvested at the end of July/start of August. When the
ﬂood recedes, residual ponding water in these compartments
is pumped out at the end of November, but enough water
is left for planting the dry season rice crop. In years of ex-
treme or long-lasting ﬂoods, the water volume may exceed
the pumping capacity and the dry season crop is not sown, as
was the case in 2011.
The coastal area subsystem covers the area downstream of
My Thuan gauging station in Tien River and downstream of
Can Tho station in Hau River to the sea. In this area tidal
backwater effects occur throughout the year, and large-scale
ﬂoodplain inundation is rare.
When considering the ﬂood and sediment processes in
the MD, the characteristics of these subsystems and of the
ﬂood wave entering the MD need to be considered. Hung et
al. (2012) divided the ﬂood season into three periods. Dur-
ing the rising and falling stages, the hydraulics in the MD
are controlled by the river ﬂow entering the delta at Kratie,
tidal backwater effects, and ﬂow diversion from the Mekong
into TSL (rising stage) and the reverse ﬂow from TSL to the
Mekong (falling stage). The ﬂood stage is considered high
when water levels in the Mekong are high enough to coun-
terbalance the water level of the TSL and the tidal backwater
effects in the northern part of the VMD (PoR, LXQ, THA)
are diminished to a large extent. In addition, the hydraulic
regime and sediment dynamics in VMD are strongly inﬂu-
enced by human interferences, and Hung et al. (2012) found
a considerable inﬂuence of crop schedules and sluice gate
operation on ﬂoodplain hydraulics.
In summary, the typical ﬂood characteristics in the MD
are (1) buffering of the ﬂood pulse by the Tonle Sap
Lake, (2) a secondary ﬂood pulse besides the river pulse
caused by large-scale overbank ﬂow over the Cambodian
ﬂoodplains to the VMD, (3) large-scale, annually inun-
dated areas (>20000km2), (4) extended inundation periods
(3–4 months), and (5) strong human interference in the
hydraulic regime and suspended sediment transport in the
VMD.
3 Model setup and data
3.1 Suspended sediment characteristics in the Mekong
Delta
The suspended sediment in the MD is ﬁne-grained. The dis-
persed grain size was studied by Wolanski et al. (1996), who
quantiﬁed the grain size by d50 =2.5–3.9µm in the freshwa-
ter region of the estuary of the Hau River. MRC/DMS (2010)
detected a d50 =3–8µm in the Tonle Sap River and an
even ﬁner distribution in the Tonle Sap Lake. Manh et
al. (2013) analyzed sediment deposition at 11 sites over a
large area of the VMD and found that deposited sediment
grain size and nutrient content are uniformly distributed
over the study sites, with a dispersed grain size distribu-
tion of 41% clay (grain size <2µm) and 51% silt (grain
size 2–63µm). Similarly, Hung et al. (2014b) found a me-
dian grain size d50 =10–15µm of deposited sediment in
over 12 sediment traps on ﬂoodplains of the Plain of Reeds,
VMD. The reported dispersed grain sizes of d50 =2.5–15µm
are equivalent to free settling velocities of W0 =1×10−5–
2.5×10−4 ms−1 using Stoke’s law and assuming an average
measured water temperature t ∼ =30 ◦C, which is a represen-
tative mean value for the ﬂoodplains of the MD (Hung et al.,
2014b).
However, as the sediment is cohesive (Hung et al. 2014b)
the size of sediment ﬂocs is of higher importance, particu-
larly for the modeling. Wolanski et al. (1996) used image
analysis for the measurement of ﬂocs sizes, and observed
a ﬂoc size of d50 ∼ =40µm of suspended sediment in the
freshwater region of the estuary of the Hau River. Hung et
al. (2014b) performed intensive measurements of SSC, sed-
iment deposition, water temperature and water depth on the
ﬂoodplains in the PoR and derived a ﬂoc size of d50 =35µm
by inverse deposition and erosion modeling. MRC/DMS
(2010)measuredaﬂocsizeofd50 ∼ =29.4µmintheTonleSap
River using image analysis. Free settling velocities of the re-
ported ﬂoc size in the range of d50 =29.4–40µm are equiv-
alent to W0 =9×10−4–1.7×10−3 ms−1 based on Stoke’s
law (Hung et al., 2014b).
Recorded maximum suspended sediment concentrations
SSC in the MD are below 500mgL−1. Given this maximum
SSC a hindrance of sediment settling is unlikely, as it is much
less than the SSC threshold for hindered sediment settling of
SSC>104 mgL−1 (Krone, 1962).
3.2 Description of the 1-D hydrodynamic and sediment
transport model
The Mike 11 hydrodynamic model (HD) is based on
one-dimensional hydrodynamic equations and solves the
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vertically integrated equations of conservation of continuity
and momentum (the Saint Venant equations). The numerical
solution is based on an implicit ﬁnite difference scheme de-
veloped by Abbott and Ionescu (1967).
The sediment model focuses on suspended sediment trans-
port and deposition. The cohesive sediment transport module
of Mike 11 is based on the mass conservative 1-D advection–
dispersion (AD) equation:
δ(A·SSC)
δt
+
δ(Q·SSC)
δx
−
δ
δx

AD
δSSC
δx

= −A·K ·SSC+C2 ·q, (1)
where SSC is the suspended sediment concentration, D is the
dispersion coefﬁcient, A the cross-sectional area, K the lin-
ear decay coefﬁcient, C2 the source/sink concentration, q the
lateral inﬂow, x the space coordinate and t the time coordi-
nate. The main assumptions are (1) the considered substance
is completely mixed over the cross sections, implying that
sources or sinks mix instantaneously over the cross section;
(2) Fick’s diffusion law applies, that is, the dispersive trans-
port is proportional to the concentration gradient.
The falling velocity of sediment ﬂocs mainly depends on
sediment concentration:
WS = kVCm with k =
W0(1−VC)γ
VCm , (2)
leading to
WS = W0(1−VC)γ, (3)
where WS is the settling velocity of ﬂocs [ms−1], VC the
volume concentration of suspended sediment [m3 m−3], W0
the free settling velocity, and m, γ are empirical coefﬁcients.
W0 [ms−1], is the free settling velocity based on Stoke’s
law, which is determined by the sediment grain or ﬂoc size
(d):
W0 =
(s −1)gd2
18ϑ
, (4)
with ϑ =kinematic viscosity coefﬁcient as a function of
water temperature (for T =30 ◦C it equals ϑ =8.3×10−7
[m2 s−1] (Hung et al., 2014a)), s =speciﬁc gravity of sed-
iment particles (s =2.65), and g =acceleration of gravity
(g =9.81[ms−2]).
The deposition process is described as
SD =



WSSSC
h∗

1− τb
τc,b

for τc,b≥τb=ρg V 2
h
1
3

1
n
2
0 for τc,b<τb
, (5)
where SD is the deposition rate [kgm−3 s−1] describing the
source/sink term in the advection–dispersion equation. WS
is the ﬂoc settling velocity [ms−1], SSC is suspended sedi-
mentconcentration[kgm−3],h∗ istheaveragedepththrough
Figure 2. Model river network and quasi-2D concept for a typical
ﬂoodplain compartment in the VMD.
which the particles settle [m], τb and τc,b are bed shear stress
and critical bed shear stress for deposition [Nm−2], ρ is the
ﬂuid density [kgm−3], g the acceleration of gravity [ms−2],
n is the Manning number, h the ﬂow depth [m] and V the
ﬂow velocity [ms−1].
The gradual erosion process is described as
SE =



E0

τb
τc,e −1
n1
for τc,e ≤ τb = ρg V 2
h
1
3

1
n
2
0 for τc,e > τb
, (6)
where SE is the rate of erosion, E0 the erosion coefﬁcient,
τc,e the critical shear stress for erosion, and n1 is the erosion
exponent.
The mass in grid point j is given as
Mj = voljSSCj, (7)
where M is the mass [kg] at given time at given grid point j,
SSC is suspended sediment concentration [kgm−3] and vol
is the volume [m3] at grid point j.
3.3 Hydrodynamic and sediment transport modeling
The quasi-2D hydrodynamic model developed by Dung et
al. (2011) is applied to simulate ﬂood propagation and inun-
dation in the MD from Kratie to the coast including Tonle
Sap Lake. Figure 2 shows the river network of the hydro-
dynamic model of the MD, and the quasi-2D representation
of the ﬂoodplain compartments is illustrated. A ﬂoodplain is
enclosed by main and/or secondary channels. The ﬂoodplain
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itself is represented by “virtual” channels with wide cross
sections extracted from the Shuttle Radar Topography Mis-
sion (SRTM) DEM. Deﬁning four virtual intersecting chan-
nels per compartment permits a quasi-2D simulation of the
ﬂoodplain. The cross section width of each virtual channel is
deﬁned in such a way that the compartment area is preserved.
Details can be found in Dung et al. (2011).
The crest levels of the dikes are modeled as sill levels of
sluice gates in each ﬂoodplain compartment in the model.
The width of the sluice gates in the model is either the width
of sluice gates actually present for high dike compartments,
or 50m for low dikes modeling dike overﬂow. In the latter
case the dike crest levels deﬁne the sill levels of the control
structures in the model. Data about dikes and control struc-
tures were collected by Dung et al. (2011) from different lo-
cal and regional authorities.
The calibration of Dung et al. (2011) revealed systematic
errors in dike crest levels implemented in the model, proba-
bly caused by different vertical reference values of the col-
lected dike data. Thus the model dike heights are updated
based on an analysis of water masks from satellite images
(Kuenzer al et., 2013) combined with maximum simulated
water levels from the hydraulic model (Dung et al., 2011).
The dike levels of ﬂoodplain compartments are corrected
by comparing the maximum simulated water levels the with
maximum observed ﬂood extents for three ﬂood seasons: the
average ﬂood of 2009, the exceptionally low ﬂood of 2010
and the extreme ﬂood 2011.
In the MD only a small number of the sluice gates have
real radial or vertical gates, whereas most of the sluice gates
are operated by movable high sills using sandbags. The open-
ing time is decided by the land owner and depends on the rice
crop schedule and the ﬂood magnitude. In the model the op-
eration of real sluice gates is controlled by the water level of
the incoming ﬂow and/or a ﬁxed schedule. Data on the op-
eration of these sluice gates was collected from authorities
by Dung et al. (2011). The remaining artiﬁcial sluice gates
modeling dikes are deﬁned as broad-crested weirs, for which
available or estimated dike levels were used to deﬁne sill lev-
els in the model. Pumping stations are excluded in the model
because the pumps are operated at the end of the ﬂooding
period only in order to drain the compartments for the new
crop. In this period water levels and SSC is very low and
the effects of pumping can be neglected for the estimation of
ﬂoodplain deposition.
The model contains 2340 hydraulic structures consisting
of weirs, culverts and sluice gates. This complexity is a
challenge for the numerical stability of the cohesive sedi-
ment transport model. Hence, the model network of Dung
et al. (2011) is slightly modiﬁed to satisfy stability condi-
tions based on the Courant (Cr=v 1t
1x <2) and Péclet num-
ber (Pe=v 1x
D >2). Numerical stability can be achieved by
increasing the distance between the computational points 1x
to satisfy both Courant and Péclet stability criteria, and by
decreasing the time step 1t to satisfy the Courant crite-
rion. Hence, the cross-section spacing is increased, whereby
the important elements inﬂuencing the hydraulic conditions
(e.g., topography, location of hydraulic structures) are taken
into account. A minimum 1x of 700m and a time step 1t
of the sediment transport model of 3–5min are chosen. This
setup results in model run times of 7–12h for one ﬂood sea-
son. This model setup guarantees numerical stability of the
hydrodynamic and sediment transport model and automatic
model calibration is thus feasible.
The sediment dynamics in the ﬂoodplains can be strongly
inﬂuenced by local resuspension due to human activities like
net ﬁshing (Manh al et., 2013). Thus measured sediment de-
position in ﬂoodplains includes not only new watershed sed-
iment from upstream but also locally eroded or redistributed
sediment. However, in order to quantify the net delivery of
sediments from the watershed to the delta, the disturbances
from human activities are ignored in the modeling. This is
achieved by setting a very high critical shear stress for ero-
sion in the model, ensuring that no erosion occurs in the
modeling. This approach is thus not aiming at a closest rep-
resentation of reality, respectively the measured deposition
data, which is almost impossible due to the large interference
of human activities on local sedimentation processes. This
study rather aims at the quantiﬁcation of new annual sedi-
ment and nutrient input delivered from the Mekong Basin as
well as its spatial distribution in the Mekong Delta.
3.4 Model parameterization
The model parameters to be deﬁned for the HD model are
the roughness coefﬁcient (n), and for the AD model the lon-
gitudinal dispersion coefﬁcient (D), the free settling velocity
(W0) and the critical shear stress for deposition (τd). In order
to reduce the degrees of freedom in the parameter estima-
tion, the MD is divided into 11 parameter zones (Table 1).
Within these zones the calibration parameters are assumed to
be constant. This zonation is a reﬁnement of the zones used
by Dung al et. (2011), taking into account the different char-
acteristics of main rivers, channels and ﬂoodplains in terms
of hydrodynamics and sediment transport. In order to reduce
the complexity of the calibration even further, not all cali-
bration parameters are calibrated in all 11 zones. Depending
on parameter sensitivity and ﬂow characteristics, some pa-
rameters are ﬁxed in some zones based on region-speciﬁc
literature values (Table 1).
The Manning roughness coefﬁcient n is calibrated in 10
zones. The range of n in the calibration is set to 0.016–
0.10. In the coastal zone, where the ﬂow is governed by
ocean tides, n is ﬁxed to 0.016 (Chow, 1959). The longitu-
dinal dispersion coefﬁcient D controls the dispersive sedi-
ment transport. It represents the effect of the non-uniform
ﬂow velocity distribution on suspended sediment concentra-
tion. The dispersion coefﬁcient is determined as a function
of the mean ﬂow velocity: D =a|V|b, with ﬂow velocity V
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Table 1. Calibration parameters and calibration zones: Manning roughness coefﬁcient (n), dispersion factor (a), critical deposition shear
stress τc,b (Nm−2) and free settling velocity W0 (ms−1). Least Euclidian distance Pareto-optimal parameters (O) and ﬁxed parameters (F).
Zone n a τc,d W0 Description
1 0.032O 400F 0.025F 1.3×10−3 F Mekong River: Kratie to Phnom Penh
2 0.031O 500F 0.025F 1.3×10−3 F Mekong River: Phnom Penh to border
3 0.036O 50F 0.025F 1×10−4 O Cambodian ﬂoodplains
4 0.030O 500F 0.025F 1.3×10−3 F Tien River: border to My Thuan
5 0.026O 700F 0.025F 1.3×10−3 F Tien River: My Thuan to coast
6 0.027O 500F 0.025F 1.3×10−3 F Hau River: border to Can Tho
7 0.024O 700F 0.025F 1.3×10−3 F Hau River: Can Tho to coast
8 0.034O
335O 0.021O 1×10−4 O
VMD channels with Q>100m3 s−1
9 0.025O VMD channels with Q≤100m3 s−1
10 0.018O 50F 0.190O 8×10−4 O VMD ﬂoodplains
11 0.016F 831O 0.025F 1.3×10−3 F Coastal zones
and coefﬁcients a, b. Model sensitivity runs showed that the
suspended sediment moving with the velocity of water (ad-
vection) is orders of magnitude higher than the spreading
due to non-homogeneous velocity distribution (dispersion).
Thus, to reduce the complexity of the calibration, we ﬁx
b=1 for the whole MD (i.e., assume a linear dependency of
D on V) and calibrate a values for the areas with high vari-
ability of ﬂow velocity (channels in the VMD and coastal
zone, Table 1). The a values in other areas are ﬁxed based on
equivalentmeanﬂowvelocitiesanddispersioncoefﬁcientsof
81 measurements in 30 US rivers (Kasheﬁpour and Falconer,
2002).
The selection of ﬁxed zones for τd or W0 is based on
a model sensitivity analysis. A total of 300 Monte Carlo
runs were performed with the AD model, ﬁxing the dis-
persion coefﬁcient D and τd or W0 to determine the sensi-
tivity of W0 and τd in each zone. In zones with low sen-
sitivities of the parameters W0 or τd, this parameter was
ﬁxed (mainly the large river branches, Table 1). In zones
with high sensitivities, W0 or τd were calibrated (mainly
the channels in the VMD and the ﬂoodplains, Table 1). The
ﬁxed value of the free settling velocity (W0) was calculated
using Eq. (4) based on measured sediment sizes reported
in Sect. 3.1. For this we used the average ﬂoc size deter-
mined for ﬂoodplains of the Mekong Delta of d50 =35µm
by Hung et al. (2014b). For calibrating W0 we used an ex-
tended range of reported dispersed and ﬂocculated grain
sizes D50 =2.5–80µm, which evaluates a calibration range
of W0 =1×10−5–7×10−3 ms−1.
Furthermore, Hung et al. (2014b) estimated the deposi-
tion shear stress τd =0.021–0.029Nm−2 for simulating sed-
iment deposition on VMD ﬂoodplains. The median value
τd =0.025Nm−2 of that range is used for the ﬁxed τd pa-
rameters, while an extended range of τd =0.01–0.2Nm−2 is
used for the model calibration. All the ﬁxed and optimized
parameter values (result of Sect. 4) of τd and W0 for the spe-
ciﬁc zones are listed in Table 1.
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Figure 3. Locations of stations used for model calibration.
3.5 Measurement data
Measured data used for calibration and validation encompass
water level, discharge, inundation extent, SSC in main rivers,
SSC in channels, and ﬂoodplain sediment deposition (Fig. 3).
The ﬁrst three variables are used to calibrate the hydrody-
namic module, while the latter three variables are used for
sediment transport calibration. The ﬂood in 2011 serves as
calibration period, because ﬂoodplain deposition data were
collected in 2011 only (Manh et al., 2013).
Daily water level and discharge data were collected for
18 stations. They include ﬁve stations in the main rivers
with both discharge and water level (Tan Chau, Chau Doc,
Can Tho, My Thuan, Vam Nao) and an additional seven wa-
ter level stations and ﬁve discharge stations in main chan-
nels (Fig. 3). For evaluation of the spatial performance of
the hydrodynamic model, water masks derived from optical
MODIS satellite images are used. The simulated inundation
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extents are calibrated against these inundation maps, exclud-
ing cloud-covered areas.
For the calibration of the sediment transport, SSC data
from 79 locations were acquired from the Southern Regional
Hydro-Meteorological Center of Vietnam (Fig. 3). These
measurements were conducted manually every 15 days dur-
ing the ﬂood period by grab water samples and suspended
sediment mass quantiﬁcation by ﬁltering and drying. The
sediment deposition in the compartments of the VMD of
the complete ﬂood season 2011 was monitored by Manh et
al. (2013), deploying a large number of sediment traps. This
study provided mean cumulative sedimentation budgets, in-
cluding uncertainty ranges for 11 compartments distributed
over PoR and LXQ.
In addition, Manh et al. (2013) determined the nutrient
fractions of the sediment deposited in the sediment traps.
Analyzed nutrients are total nitrogen (TN), total phosphorus
(TP), total potassium (TK) and total organic carbon (TOC).
The mass fractions of these nutrients varied only slightly in
space. Thus the total nutrient content of the sediment can be
estimated by an average fraction of 6.7%. This value deﬁnes
the total deposition of TN, TP, TK, and TOC as fractions of
deposited sediment, and is used to estimate the nutrient de-
position in the ﬂoodplains of the VMD. The deposition of
the different nutrients is derived by the following fractions:
TN=4.9%, TP=1.9%, TK=22.5% and TOC=70.7% of
the total nutrient deposition.
3.6 Deﬁnition of the sediment model boundary
conditions
The simulation of sediment dynamics requires specifying
SSC for the upper and lower model boundary at daily reso-
lution. However, daily SSC data are available neither for the
upper model boundary nor for the lower boundary. Hence,
daily SSC are reconstructed using SSC data with lower tem-
poral resolution.
SSC time series for the lower boundaries at the river
mouths were derived from remote sensing data. Water tur-
bidity was derived from multi-sensor optical satellite scenes,
and the turbidity was calibrated against in situ SSC mea-
surements (Heege et al., 2014). This provided approximately
weekly SSC values at the various river mouths. These values
are linearly interpolated to daily SSC time series.
For the upper model boundary, daily SSC time series are
derived from daily discharge and monthly or sporadic SSC
data of the Mekong River at Kratie and neighboring gauging
stations. In this analysis, however, one has to consider the
reported low quality of the available SSC data (Walling et
al., 2005). Before 2010 only monthly observations of water
quality, including total suspended solid (TSS) at Kratie, are
available. TSS was measured taking a single water sample at
0.8m depth, which is a very rough and possibly strongly bi-
ased estimation of the average SSC over the whole river cross
section. Recently, the Mekong River Commission (MRC)
measured SSC as the average of ﬁve vertical proﬁles over
the cross section at Kratie. The measurements were taken on
6 dates (every 2 months) in 2010 and on 20 dates from June
to December 2011. The reconstruction of daily SSC at Kratie
is based on this data set.
Most often SSC is reconstructed using a sediment rating
curve. The 26 measurements at Kratie are signiﬁcantly cor-
related to discharge (signiﬁcance level<0.05) with a Spear-
man’s rank correlation coefﬁcient of ρ =0.79. A sediment
rating curve is constructed using a second-order logarithm
power function:
SSCKrat
t = 10(−494.02log(QKrat
t )−4.52+2.88), (8)
in which SSCKrat
t is SSC [mgL−1] at time t at Kratie, QKrat
t
is discharge [m3 s−1] at time t at Kratie. The rating curve is
shown in Fig. 4a.
Another possibility to reconstruct SSC at Kratie is to cor-
relate SSC at Kratie to SSC measurements at a nearby station
with longer daily time series. Considering that the suspended
sediment in the MD is very ﬁne (Manh et al., 2013) and that
no signiﬁcant lateral SSC input downstream of Kratie ex-
ists except the ﬂow from TSL, the measured daily SSC at
Tan Chau and Chau Doc in Vietnam (see locations in Fig. 1)
might be used to reconstruct daily SSC at Kratie. An analysis
of the SSCdata of Tan Chauand Chau Doc shows that, due to
the hydraulic properties of the ﬂow diversion of the Mekong
into the Mekong, Bassac and Tonle Sap rivers, the ﬂow into
and from TSL inﬂuences mainly the SSC in the Bassac River
at Chau Doc station (Fig. 4b). Hence, the daily SSC records
of Tan Chau at the Mekong River are used as a predictor for
SSC in Kratie. The average travel time from Kratie to Tan
Chau is 1–2 days, which is considered as lag in the correla-
tion analysis. We found a close linear correlation (R =0.95)
of the measured SSC at Kratie to SSC at Tan Chau with a
1-day lag. The linear regression is given as
SSCKrat
t = 1.1×SSCTC
t+1 +12.77, (9)
inwhichSSCKrat
t isSSC[mgL−1]attimet atKratie,SSCTC
t+1
is SSC [mgL−1] at time t +1 at Tan Chau. It is notewor-
thy that the same SSC measurement method is applied at
both stations. Figure 4b shows the regression of SSCTC
t+1
vs. SSCKrat
t along with the conﬁdence bounds.
The derived SSC time series at Kratie based on these two
methods yield very similar total sediment loads (106million
tons for the rating curve, and 107million tons for the lin-
ear regression to Tan Chau). However, the SSC time series
derived by the rating curve method is rather smooth and
does not capture the SSC peaks existing in the measure-
ments of Tan Chau. Hence, the rating curve method seems
to suppress some fraction of SSC variability (Fig. 4c). Fur-
ther, the regression-based method provides smaller uncer-
tainty bounds (Fig. 4d). Based on these two arguments, the
regression-based method is used to reconstruct daily SSC at
the upper model boundary.
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Figure 4. (a) Derived SSC for Kratie using sediment rating curve, (b) derived SSC for Kratie using correlation to SSC at Tan Chau,
(c) comparison of sediment rating curve method with measured data in 2011, (d) comparison of correlation method with measured data in
2011.
4 Model calibration and validation
Model calibration and validation cover an extreme
event (2011), a normal event (2009) and a low ﬂood
event (2010). 2011 was the most severe ﬂood in recent times
with a peak discharge in Kratie of 63×103 s−1, which is
higher than the historically most damaging ﬂood in 2000.
In terms of ﬂood volume, this event is the third largest in
the observation period of 88 years (MRC, 2011b). In 2010,
the lowest ﬂood volume ever was recorded. The ﬂood peak
was 37×103 s−1 only, and the ﬂood lasted 6 weeks less
than on average (MRC, 2011a). The year 2009 was an
average ﬂood both in terms of peak discharge and volume
(MRC, 2010). The calibration is performed for the extreme
ﬂood in 2011, because for this year the most comprehensive
data set, including ﬂoodplain deposition, is available. The
model is validated against the data of 2009 and 2010. Hence,
the model is calibrated for an extreme ﬂood and validated
against a normal ﬂood and an extremely low ﬂood, thus
providing information about the applicability of the model
over the whole possible event magnitude scale.
4.1 Model calibration
To reduce the complexity of the calibration and to reduce
run times, the hydrodynamic (HD) and sediment transport
(AD) model components are run and calibrated individu-
ally. The HD simulation results are fed as input into the AD
model. This separation has the advantage that different com-
putational time steps can be used for the two components,
dramatically reducing the required runtime. The automatic
multi-objective calibration algorithm developed by Dung et
al. (2011) and based on the NSGA-II algorithm is applied.
This enables an objective calibration considering different
optimization objectives.
The HD model is calibrated with three objective functions:
discharge in rivers and channels, water level in rivers and
channels, and inundation extent. The ﬁrst two objectives are
quantiﬁed by the mean Nash–Sutcliffe efﬁciency (NSE) over
all considered gauging stations. The spatial inundation per-
formance is quantiﬁed by the ﬂood area index (FAI), com-
paring the simulated extent with the inundation extent de-
rived from MODIS Terra images. Cloud-covered areas in the
MODIS images are considered as no-data in both observed
and simulated inundation. This multi-objective calibration
resultsinaPareto-optimalsetofHDmodelparameters.From
this set we select the set with the least Euclidian distance to
the optimal solution for the consequent AD calibration.
The AD model is calibrated with three objectives: SSC in
main rivers, SSC in the channels and cumulative sedimenta-
tion rates on the ﬂoodplains. The Nash–Sutcliffe efﬁciency
is used for the ﬁrst objective, and the root mean square error
(RMSE) is used for the second and third objectives. RMSE
is selected because the measurements of channel SSC and
sedimentation are not continuous in time. RMSE for cumu-
lative sedimentation rate is calculated for the mean and, in
addition, for the 95% conﬁdence bounds of the observed de-
position derived by Manh et al. (2013). The AD model cali-
bration results in another Pareto-optimal parameter set, from
which the parameter set with the least Euclidian distance to
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Figure 5. Model performance: top panel: comparison of measurements and simulation results at stations Tan Chau, Chau Doc and Vam Nao
for 2011: (a) daily water levels, (b) daily discharges. Middle panel: comparison of measurements and simulation results at Tan Chau and
Chau Doc: (d) daily SSC for the calibration year 2011, and (c) for the validation year 2009. Bottom panel: (e) comparison of measured and
simulated sedimentation (2 locations in 2009, 1 location in 2010, 11 locations in 2011).
the optimal solution is again selected. The calibration zones
and calibrated parameters are given in Table 1.
4.2 Model validation
For model validation, the ﬂood seasons 2009 and 2010 are
used. Since ﬂoodplain sedimentation data from Manh et
al. (2013) is available for 2011 only, data from Hung et
al. (2013b) are used for validating sediment deposition. Hung
et al. (2013b) also used sediment traps to quantify sedimen-
tation in ﬂoodplains in 2009 (two locations) and in 2010
(one location). This data set is much less comprehensive than
the data set of Manh et al. (2013), and is limited to a small
study site in the PoR. Further, less data for discharge, water
level and SSC is available for 2010 compared to 2011 and
2009. This needs to be considered in the interpretation of the
validation results.
The calibration and validation results are summarized in
Table 2 and Fig. 5a–e. Overall, the validation shows sim-
ilar results as the calibration. The validation performs bet-
ter for discharge and SSC in 2010, which is likely due to
much less overland ﬂow, reducing the possible errors stem-
ming from erroneous dike levels and ﬂoodplain representa-
tion. The agreement between simulation and measurements
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Table 2. Model performance: calibration, data (locations and number of points), results of calibration (year 2011) and of validation (years
2009 and 2010). The model performance measures are Nash–Sutcliffe efﬁciency (NSE), ﬂood area index (FAI), root mean square error
(RMSE).
Objectives Station/ Calibration (2011) Validation (2009/2010)
point NSE FAI RMSE NSE FAI RMSE
Water level (m) 13/daily 0.84 – – 0.74/nodata – –
Discharge (m3 s−1) 10/ daily 0.63 – – 0.51/0.74 – –
Inundation 571/17 – 0.46 – – 0.39/0.36 –
River SSC (mgL−1) 2/daily 0.52 – – 0.2a/0.78 – –
Channel SSC (mgL−1) 79/6 – – 40 – – 60/nodata
Sedimentation (kgm−2 yr−1) 11/– – – 8.55 [4.4–18.8]b – – 5.27/1.28
a in which NSE=0.9 at Tan Chau and NSE=−0.56 at Chau Doc; b is the RMSE calculated against the mean 95% conﬁdence interval of the measured
deposition.
Table 3. Total sediment load, relative sediment load, ﬂood volume (with reference to Kratie) at key locations in the MD for three ﬂood events.
Subsystem Flood volume (%) Sediment load (milt) Sediment load (%)
2009 2010 2011 2009 2010 2011 2009 2010 2011
Kratie 100% 100% 100% 78.4 43.4 104.2 100% 100% 100%
Cam ﬂoodplains 11% 9% 16% 21.4 10.3 27.3 27% 24% 26%
Overﬂow to VMD 6% 4% 9% 3.5 1.5 7 4% 4% 7%
Tonle Sap Lake 8% 6% 12% 5.2 2.1 10.6 7% 5% 10%
Vietnamese MD 92% 93% 86% 51.8 31 66.3 66% 71% 64%
Tan Chau 67% 70% 60% 41 24.7 50.3 53% 57% 48%
Chau Doc 19% 19% 18% 7.3 4.7 9 9% 11% 9%
Vam Nao 26% 28% 23% 14.7 9.3 18.7 19% 21% 18%
VN ﬂoodplains 21% 17% 24% 10.9 5.6 17.6 14% 13% 17%
Coast (Sea) – – – 42 25.9 50.5 55% 60% 48%
for SSC at Chau Doc is very low in 2009. This is proba-
bly the consequence of the poor quality of measured data at
Chau Doc station in 2009 as illustrated in Fig. 5c. Figure 5a–
d show that modeled and measured discharge and SSC ﬁt
well in 2011 for Chau Doc and in 2009 and 2011 for Tan
Chau, implying coherence between SSC and discharge. This
coherence is frequently not given in 2009 for Chau Doc, in-
dicating data errors.
Overall, the model performance indices (Table 2) show
a good agreement between simulation and measurements in
terms of hydraulics and SSC. However, simulated sediment
deposition does not match measured data as well (Fig. 5e).
This is further discussed in Sect. 5.3.
5 Results and discussion
Table 3 shows the distribution of ﬂood volumes into hy-
draulic subsystems of the MD. In the extreme event of 2011
12% of the ﬂood volume is distributed to the TSL and
Cambodian ﬂoodplains, while during normal and low ﬂood
events (2009, 2010) this portion amounts to 6–8% only. The
ﬂood discharge in Tien River is about three times higher than
in Hau River up to the Vam Nao junction connecting the Tien
and Hau rivers. After the Vam Nao junction the discharge be-
tween the two main branches of the Mekong is almost equal-
ized (Table 3).
Thehydrauliccharacteristicsofthesub-systemsoftheMD
are illustrated in Fig. 6. Tidal inﬂuence is found in the entire
VMD up to Tan Chau and Chau Doc, while no inﬂuence is
observable at the Mekong-Bassac diversion around Phnom
Penh. The tidal magnitude at Chau Doc (Hau River) is higher
than at Tan Chau (Tien River) due to the lower distance to
the coast. However, the situation is reversed in the coastal
zone, because the semidiurnal tide of the South China Sea,
mainly inﬂuencing the Tien branch, is distinctively higher
than the amplitude of the diurnal tide in the Gulf of Thai-
land, which dampens the tidal magnitude at the river mouth
of the Hau River compared to the Tien River. The ﬂow veloc-
ity in the main river from Kratie to the Vietnamese border is
almost always greater than 1ms−1, while in the VMD chan-
nels ﬂow velocities less than 1ms−1 can occur, particularly
during high tide. Very low ﬂow velocities can be observed
under the ponding conditions of the TSL and the ﬂoodplain
compartments in VMD. Typical VMD ﬂoodplain ﬂow veloc-
ities are in the range of 0–0.05ms−1. The ﬂow velocities on
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Figure 6. Flow velocity time series with 6h time steps of all the sub-systems in the MD in 2009. Flow velocities of some key locations in
the main rivers and in a VMD channel in the PoR (left panel, MK–BS=Mekong–Bassac), ﬂow velocities in the center of the TSL and a
ﬂoodplain compartment in the PoR (right panel).
the Cambodian ﬂoodplains vary between the river and VMD
ﬂoodplain velocities, because the ﬂow is less restricted by
dikes (Fig. 6). Flow velocities in this area are thus governed
by the distance to the main river and the topography. These
highly differentiated ﬂow patterns determine, in combination
with the water depths, the sediment transport and deposition
dynamics in the MD.
5.1 Sediment transport in the Mekong Delta
In the following, the results regarding SSC transport are
given for the subsystems introduced in Sect. 2. The sediment
ﬂuxes of these subsystems are compared to the values at the
upstream boundary Kratie. The results are summarized in
Table 3, and the variation of the transported sediment from
Kratie to the coast is exemplarily shown for 2009 in Fig. 7
(right panel).
Rather signiﬁcant storage of water and sediment occurs in
the subsystem “Tonle Sap”. The ﬂood volume stored in the
TSL ranges from 6 to 12% compared to the ﬂood volume at
Kratie for the three simulated ﬂood events. This is equivalent
to 14–55km3. These ﬁgures compare well with the average
value of 41.8km3 in the TSL water balance analysis pub-
lished by Kummu et al. (2014). The total simulated sediment
mass input to the TSL is 2.1×106 t in 2010, 5.2×106 t in
2009 and 10.6×106 t in 2011 (Table 3). Since the reverse
ﬂow of the TSL to the Bassac River at the end of the ﬂood
season has a low SSC, these ﬁgures are an estimate of the
total sediment loss in the TSL. They compare well with the
historical average value of 5.09×106 t estimated by Kummu
et al. (2008).
In the subsystem “Cambodian Mekong Delta”, 24–27%
of the suspended sediment load of the Mekong at Kratie is
transported into the Cambodian ﬂoodplains, and 4–7% is
further conveyed by overland ﬂow to PoR and LXQ in the
VMD. The remaining proportion is deposited in the Cambo-
dian ﬂoodplains or returned to the main rivers.
The total sediment transported to the “Vietnamese
Mekong Delta” varies from 64% for the extreme ﬂood to
71% for the low ﬂood, with a corresponding ﬂood volume
of 86 and 93%, respectively. The largest fraction of the sed-
iment is transported through the stations Tan Chau and Chau
Doc, ranging from 57 to 68% (corresponding ﬂood volume:
78–89%) for the high and low ﬂood year, respectively. This
means the smaller the ﬂood event, the higher the proportion
of sediment load passing through Tan Chau and Chau Doc.
This has to be attributed to higher sediment trapping in the
TSL and the Cambodian ﬂoodplains during larger events.
Furthermore, it has to be noted that the transport capacity
of the Mekong River upstream of the Vam Nao junction is
three to four times greater than the capacity of the Bassac
River. The differentiation of SSC in the rivers from upstream
to downstream is explained by sedimentation in the river bed,
dispersion, and the SSC-dilution effect caused by the return
ﬂow from TSL. The TSL return ﬂow has much lower SSC
than the inﬂow (i.e., ﬂow from the Mekong) due to the set-
tlement of sediment in the TSL. As most of the TSL return
ﬂow enters the Bassac branch, SSC at Chau Doc is signiﬁ-
cantly smaller than SSC at Tan Chau during the late high and
falling stage of ﬂood events. During this period SSC at Chau
Doc is approximately 50% of SSC at Kratie (Fig. 5c–d).
The transport capacity in Tien River and Hau River is bal-
anced again through the Vam Nao junction. Around 23–28%
of the overall ﬂood volume and 18–21% of the sediment load
is conveyed from Tien River through the Vam Nao channel to
Hau River. Downstream of the Vam Nao junction, Tien and
Hau River carry approximately the same suspended sediment
load. The total suspended sediment transport to the VMD
ﬂoodplains varies from 13% for the low ﬂood to 17% for the
extreme ﬂood. The channels in the VMD ﬂoodplains obtain
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Figure 7. Proportion of transported sediment in the whole MD compared to sediment load at Kratie (left panel), and sediment load transport
into subsystems (blue squares) and to key stations (red circles), both for the normal ﬂood year 2009.
sediment from two sources: the main part stems from the
Tien and Hau rivers and is conveyed through the channel net-
work to PoR and LXQ. The second part originates from the
overland ﬂow from the Cambodian ﬂoodplains. SSC of the
overland ﬂow is lower compared to SSC in the main rivers
as a consequence of the deposition on the Cambodian ﬂood-
plains. The VMD ﬂoodplain compartments trap 1–6% of the
total sediment load at Kratie. This is equivalent to 9–41% of
total transported sediment into the VMD ﬂoodplains.
The remaining suspended sediment is transported to the
subsystem “coastal area”. In the tidal backwater-inﬂuenced
coastal zone, the ﬁne sediments can also be deposited in the
river beds (9–11%). However, the model does not consider
salt water intrusion or the effects of density layering on sed-
iment deposition. Thus the simulated river bed deposition in
the coastal zone can be taken as a rough indication only.
Overall, the total sediment load transported to the coastal
area at My Thuan and Can Tho ranges from 48% for the
extreme event to 60% for the low ﬂood.
Figure 7 (left panel) provides an overview of the spatial
distribution of sediment transport in the whole MD and Fig. 7
(right panel) schematically shows the variation of the sedi-
ment load through the MD, both for the normal ﬂood event
2009. The numbers indicate the fraction of sediment trans-
port compared to the sediment load at Kratie. The largest
proportion of sediment is kept in the main rivers and chan-
nels. As expected, the sediment loads are not equally dis-
tributed in the VMD. The highest SSC values are simulated
in and close to the main Mekong branches and along the
Cambodian–Vietnamese border (PoR and LXQ), where the
channels in the VMD collect the sediment of the overland
ﬂow from Cambodia. In the upper VMD the PoR receives
higher sediment loads, which are also transported deeper
into the ﬂoodplain area compared to LXQ. This has three
reasons: (1) LXQ is directly inﬂuenced by tidal backwater
effects from the Gulf of Thailand, reducing ﬂow from the
Hau River into LXQ, (2) SSC in the Hau River is generally
smaller than SSC in the Tien River upstream of the Vam Nao
connection, and (3) most of the ﬂoodplains with high ring
dike systems blocking the inundation of the ﬂoodplains are
concentrated in LXQ. In THA, the area between Tien and
Hau River, almost all ﬂoodplains are fully protected by high
ring dikes prohibiting ﬂoodplain inundation and deposition
(if three crops are grown per year, which is the typical pat-
tern). In the coastal areas, ﬂow and thus sediment transport
is governed by tidal inﬂuences. Most of the channels in this
area do not receive signiﬁcant amounts of sediment from the
Tien and Hau rivers, because the prevailing alternating ﬂow
in these channels prevents a constant ﬂow and sediment input
from the main rivers into these channels.
5.2 Sediment dynamics in the VMD ﬂoodplains
In this section the sediment dynamics in the VMD ﬂoodplain
regions PoR, LXQ and THA are elaborated. These ﬂood-
plains obtain sediment from two sources: via channels con-
necting to Tien River and Hau River, and via channels col-
lecting overland ﬂow from Cambodia.
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Figure 8. SSC distribution in the VMD for three ﬂoods: SSC distribution before (left panel) and after (right panel) sluice gate opening.
During the rising ﬂood stage the bulk of the ﬂow is con-
centrated in rivers and channels. Overbank ﬂow on Cambo-
dian ﬂoodplains does not yet occur, and ﬂow to TSL occurs
mostly through the Tonle Sap River. In the VMD, all ﬂood-
plain sluice gates are still closed to protect the second rice
crop of the year, but also the low dikes prevent extensive
ﬂooding of the compartments. During this phase water levels
rise generally, but in the main rivers and the channel network
only. SSC also rises with the onset of the ﬂood, but SSC de-
creases with distance from Tien River and Hau River towards
the remote parts of PoR and LXQ (see Fig. 8, left panel and
Fig. 9). In both PoR and LXQ, SSC greater than 50mgL−1
can be found up to a distance of 60–70km from Tien River
and Hau River, but also the remote parts of the ﬂoodplains
show noteworthy SSCs in the channels in all simulated ﬂood
events (Fig. 8, left panel).
During the high ﬂood stage, overbank ﬂow occurs on both
sides of the Mekong and Bassac rivers. All sluice gates in
low dike compartments (as well as some of the high dike
compartments, depending on the management scheme) are
opened after the second rice crop harvest. Later on the low
dikes are also overtopped. The VMD ﬂoodplains now receive
water and sediment from Tien and Hau rivers and overland
ﬂow from the Cambodian ﬂoodplains. The SSC patterns de-
pend on the magnitude of the overﬂow from the Cambodian
ﬂoodplains, which has signiﬁcantly smaller SSC compared
to the Tien and Hau rivers. In the normal year 2009, ﬂood-
plain compartments are ﬁlled through sluice gates after 2–
3 days. This results in a drastic reduction of SSC in the chan-
nels due to sediment deposition in the compartments and in
low SSC of the return ﬂow from the compartments to the
channels (Fig. 8, right panel). Notable SSC is then observed
until a distance of 20km from the main rivers only. SSC in
the central and remote parts of the PoR and LXQ is reduced
to below 5mgL−1.
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Figure 9. Typical SSC reduction in the channels with distance to the
main river in the Plain of Reeds, exemplarily shown for the Hong
Ngu channel in 2011.
In PoR, 24–37% of the ﬂood volume stems from the Cam-
bodian ﬂoodplains. Overland ﬂow from Cambodia enters the
border channels, where it is redistributed to the channels of
the PoR and the Vam Co River. Flow from the Tien River
also enters PoR through channels which are mainly parallel
to the border channels. Due to the hydraulic head imposed by
the ﬂood water from the Cambodian ﬂoodplains, ﬂow veloc-
ities in these channels are comparatively small. During the
later period of the high ﬂood stage, the ﬂow into PoR from
the Tien River might become stagnant or even reverse dur-
ing low tide. This is, besides the compartment ﬂooding, the
reason for the low SSC in the southern part of the PoR in
October, even close to the Tien River (Fig. 8, right panel). In
LXQ, ﬂoodplains receive 25–33% of the overland ﬂood vol-
ume from the Cambodian ﬂoodplains. Like in PoR, the bor-
der channel redistributes the water to the channels of LXQ
and to the Gulf of Thailand. The difference with PoR is that
ﬂood water can ﬂow directly to the sea. The overland ﬂood
wave to LXQ is also generally lower than the overland ﬂow
to PoR. This results in a lower hydraulic head of the over-
land ﬂood compared to PoR. Because in LXQ the ﬂow from
the Hau River is less dampened by the overland ﬂood wave,
higherﬂowsandSSCratesoccurinthechannelsofthesouth-
ern parts of LXQ compared to PoR. This effect is, however,
limited to regions close to the Hau River, because of the di-
rect tidal inﬂuence of the Gulf of Thailand at the western part
of the LXQ.
In the falling ﬂood stage the ﬂow is reverted from TSL
to the Mekong just upstream of the diversion of the Bas-
sac and Mekong branches. The return ﬂow from TSL has
low SSC, thus the SSC in the Mekong is reduced by dilution
and considerably lower than during the previous ﬂood stages
with similar discharges. This SSC reduction particularly af-
fects the Bassac River branch, where the dilution is more
substantial due to incomplete transversal mixing between
the conﬂuence of the Tonle Sap River to the Mekong and
the diversion of Mekong and Bassac. This effect was also
highlighted by Kabeya et al. (2008) through stable isotope
sampling.
The reduction of SSC with distance to the main rivers and
the variation of the reduction during the ﬂood period are il-
lustrated in Fig. 9. It shows the simulated SSC of ﬂood 2011
in a typical channel in the VMD, the Hong Ngu channel. It
is connected to Tien River and reaches 40km eastward into
PoR. SSC reduction along the Hong Ngu channel (Fig. 3)
differs in the different ﬂood stages. In the rising stage, when
the ﬂow from the Tien River into the channel is not impaired
bythesecondaryﬂoodwavefromtheCambodianﬂoodplains
and when ﬂoodplain inundation has not yet occurred in the
VMD, SSC is the least reduced of all ﬂood stages. SSC in the
channel changes considerably after the opening of the sluice
gates. Sediment is trapped in the compartments and the re-
turn ﬂow dilutes SSC in the channels further. Now SSC is
reduced rapidly over the ﬁrst 10km from the Tien River. At
larger distances it remains stable at a very low level of around
20mgL−1. This corresponds well to the SSC reduction in the
same channel measured in 2008 by Hung et al. (2014a) dur-
ing this ﬂood stage.
The effect of sluice gate opening on ﬂow dynamics in the
channels is exemplarily illustrated in Fig. 10 for two nearby
compartments. It shows discharge and SSC of channels up-
stream and downstream of two sluice gates, as well as dis-
charge and SSC ﬂowing in and out of the compartments.
After the opening of the sluice gates, the compartments are
ﬁlled within 2–3 days. After this, compartment 1 acts as a
wide channel buffering the ﬂow to the channel and to com-
partment 2. At the same time, suspended sediment enters the
compartments and is deposited due to reduced ﬂow velocity.
The outﬂow from compartment 1 with very low SSC dilutes
the channel SSC. The diluted ﬂow in the channel partly en-
ters compartment 2, and ﬂows further down the channel. This
process is the primary reason SSC reduction in the high and
falling ﬂood stages in the VMD.
5.3 Sedimentation and nutrient deposition in the VMD
ﬂoodplains
Floodplain sedimentation is derived from the mass balance in
every simulated compartment. The annual sedimentation rate
is then calculated from the gross sedimentation per year and
the ﬂoodplain area. The associated nutrient deposition is esti-
mated from the sediment deposition rate by the average total
nutrient proportion of the deposited sediment of 6.7% (Manh
et al., 2013). This proportion quantiﬁes the summed depo-
sition of total nitrogen, total phosphor, total potassium and
total organic carbon. Finally, the sediment deposition depth
is calculated from the cumulative sedimentation rate and the
1.2tm−3 dry bulk density of sediment soil in the MD speci-
ﬁed in Xue et al. (2010).
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Figure 10. Flow direction in channels and two nearby compartments as represented in the hydraulic model (left panel). Discharge and
sediment dynamics between the channel and two nearby compartments and sediment deposition in compartment 1 for 2011 (right panel).
A comparison of simulated sedimentation with measured
data in 2011 (Manh et al., 2013) and in 2009 and 2010 (Hung
et al., 2013b) is shown in Fig. 5e. A general tendency of the
model to underestimate the monitored deposition can be ob-
served. The underestimation is particularly pronounced for
the high ﬂood 2011. In 9 out of 11 locations, the simu-
lated deposition is below the lower 95% conﬁdence bound
associated with the measurement data (Manh et al., 2013).
This underestimation is likely a consequence of different
reasons.
1. In the ﬂoodplains the sediment grain size is very ﬁne
and even small disturbances can cause erosion and
resuspension. Hung et al. (2014b) showed that ero-
sion can occur locally and over limited time periods
in the ﬂoodplains. Also, the typical net-ﬁshing activ-
ities on the ﬂoodplains very likely cause a consid-
erable amount of resuspension. Furthermore, the set-
tling velocity depends on water temperature. Hung et
al. (2014b) showed by measurements that bottom-layer
SSC and thus sediment settling velocity on ﬂoodplain
ﬂuctuates diurnally due to temperature changes. These
effects are not described in the presented large-scale
model.
2. The study focuses on the sediment delivered to the MD
from the Mekong watershed. Erosion and resuspension
are suppressed by the model setup using a very high
criticalerosionshearstressforthewholemodeldomain.
Hence erosion from bed layers and banks of channels
is not simulated, and sediment input to the ﬂoodplain
compartments might thus be smaller in simulation than
in reality. This local erosion might be one reason for
the smaller simulated sedimentation rates. However, as
the SSC values in the channels are well simulated, the
impact of this possible error source on the results might
also be low.
3. Most of the sluice gates are operated by land owners us-
ingsandbags.Theuncertaintyandvariabilityinherentin
thedikelevelsandsluicegateoperation,whichisalmost
impossible to cover completely in the modeling, might
impact the simulation of ﬂoodplain deposition. Based
on ﬁeld experiences and the work of Dung et al. (2011),
this factor is likely to have the highest impact on the
simulation results.
Butdespitethisunderestimationthesimulationsarevaluable,
because they quantify the deposition of the newly arriving
sediment to the VMD, excluding local resuspension and ero-
sion. In addition, the model enables an analysis of the spatial
distribution and variability of sediment deposition over the
whole MD.
Table 4 lists the cumulative sediment and nutrient deposi-
tion for the regions PoR, LXQ and THA and over the entirety
of the Vietnamese ﬂoodplains. The total sediment deposition
in VMD varies from 0.43million tons in the low ﬂood year
2010 to 6.56million tons in the extreme ﬂood 2011. This is
equivalent to 1–6% of the total sediment load of the respec-
tive years at Kratie within the three ﬂood events. The ma-
jority of the sediment is deposited in PoR (58–68%), while
THA receives only 8–14%. The deposition in LXQ varies
less and amounts to 23–28%. This distribution is explained
by the comparatively small ﬂoodplain area and the high num-
ber of high dike compartments in THA and LXQ.
Since the nutrient deposition is directly linked to sed-
imentation, the pattern of nutrient deposition is identical
to the sedimentation pattern. For the extreme ﬂood 2011,
292×103 t, 102×103 t and 45×103 t of nutrients are de-
posited in PoR, LXQ and THA, respectively.
Table 4 also gives the spatial variability of sedimenta-
tion rates, nutrient rates and sediment depths for the three
ﬂoods. This result basically depicts the effect of higher de-
position in large ﬂood events due to higher SSC, larger in-
undation extent and longer duration of compartment inun-
dation. The range of sedimentation rates over the whole
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Table 4. Cumulative sediment and nutrient deposition mass in dif-
ferent spatial units in VMD ﬂoodplains (absolute mass and relative
to Kratie), and spatial variability of sedimentation rate, deposition
depths and nutrient deposition rates in the VMD.
Zone Item Unit 2009 2010 2011
VMD Sedimentation 106 t 2.27 0.43 6.56
% of Kratie 3% 1% 6%
Nutrients 103 t 152.5 28.8 439.9
PoR Sedimentation PoR/VMD 58% 68% 66%
LXQ and nutrients LXQ/VMD 28% 23% 23%
THA THA/VMD 14% 8% 10%
VMD Sedimentation Min 0.05 0.01 0.10
(kgm−2) Mean 1.02 0.36 2.10
Max 27.2 6.85 58.44
Depth (Mean) (mm) 0.90 0.30 1.80
Nutrients (Mean) (gm−2) 68.5 24.4 141.0
VMD in 2011 is 0.1–58kgm−2 yr−1, while it is just 0.01–
6.8kgm−2 yr−1 in 2010. These ﬁgures illustrate high tem-
poral variability (i.e., the dependence of ﬂoodplain depo-
sition on ﬂood magnitude) but also very high spatial vari-
ability. This can be explained by varying distances to the
main sediment sources and heterogeneous operation sched-
ules of sluice gates. The mean deposition in THA is consid-
erably higher than in the other regions, because the distances
to main rivers and channels never exceed 10km (Fig. 1).
In summary, the delta-wide average sedimentation rates are
0.36, 1.02, and 2.1kgm−2 yr−1 in the low, normal and ex-
treme ﬂood, respectively, with annual mean sedimentation
depthsof0.3,0.9and1.8mmandaveragenutrientdeposition
of 24, 68, and 141gm−2 yr−1. These average ﬁgures com-
pare well to the estimated recent annual aggradation rate of
0.5mmyr−1 given for the whole Mekong Delta by Sivitski
et al. (2009).
In order to quantify the beneﬁt of nutrient deposition in
inundated compartments, we compare the cumulative nutri-
ent deposition rate with the average total amount of N, P,
K fertilizers that is applied to rice crops in the wet season
(Khuong et al., 2007). The cost of fertilizers and pesticides
respectively amount to approximately 40 and 15% of the to-
tal costs per rice crop season (Thong et al., 2011; Phuong and
Xe, 2011). Table 5 shows the average N, P, K deposition in
ﬂoodplains and the N, P, K requirements for a rice crop. De-
pending on the event, the ﬂoods supply 13–75% N, 10–58%
P, and 45–835% K to the ﬂoodplains. Under normal ﬂood
conditions (as in 2009) ﬂooding can provide more than 50%
of the typically applied rice crop fertilizers. This is a signiﬁ-
cant reduction of the costs for mineral fertilizers used in high
dike compartments blocking the inundation.
Figure 11 (top row panels) shows the spatial variability of
sedimentation rates in the VMD ﬂoodplains over the ﬂood
season 2009. These maps are interpolated using Kriging
based on the deposition rates of the 1-D representation of the
Table 5. Nutrient requirements for a rice crop in the wet season,
delta-wide mean nutrient supply from ﬂood events to ﬂoodplains,
and percentage of required nutrients supplied by ﬂood sediments.
Event N (kgha−1) P (kgha−1) K (kgha−1)
Required 92.1 46.0 38.0
2009 33.6 36% 13.0 28% 154.2 406%
2010 12.0 13% 4.6 10% 55.0 145%
2011 69.1 75% 26.8 58% 317.2 835%
ﬂoodplains in the hydrodynamic model. In mid-September
a number of sluice gates are opened or overtopped. These
are mostly located along the border of Vietnam and Cam-
bodia, where the water levels rise ﬁrst. During this period
the daily sedimentation rates are quite high because of high
SSC of channel water ﬂowing into the ﬂoodplain compart-
ments. In mid-October all the low dike compartments and
some high dike compartments are overtopped or opened, in
other words, a large proportion of the ﬂoodplains is inun-
dated. The daily sedimentation rates during this peak dis-
charge period are very high, especially in the vicinity of the
Tien and Hau rivers and the border channels. In PoR almost
all compartments are inundated and trap sediment, but the
sedimentation rates reduce with distance from the Tien River
and the border channel. Thus the deposition rate becomes
quite low in the southern part of PoR. In THA most of the
compartments are closed and the high dikes prevent inunda-
tion during the peak discharge. Sedimentation occurs only in
some compartments along the border and close to the rivers.
In these compartments the deposition rate is very high. Sim-
ilarly, sediment deposition cannot occur in the central part of
LXQ, where a large number of high dike compartments ex-
ist and the sluice gates remain closed during the high ﬂood
period. Like in THA, sedimentation in LXQ is mainly con-
centrated along the border and in close proximity of the Hau
River. At the end of November the ﬂood recedes to the upper
part of the VMD and many compartments are closed to start
a new crop season. Patterns of sedimentation rates are similar
to those in September, but with much lower rates.
The bottom row of Fig. 11 shows maps of the annual de-
position for the simulated ﬂood events. In the extreme ﬂood
2011, the inundated area is not much larger than during the
normal ﬂood 2009, but sedimentation rates differ strongly.
Total sedimentation in 2011 is more than three times the de-
position in 2009 (cf. also Table 4). This is the result of the
higher ﬂood magnitude and longer ﬂood duration. The oppo-
site holds true for the extremely low ﬂood 2010: low water
levels and short inundation duration allow only very low sed-
iment deposition. The total sedimentation rate is just 19 and
6% of the total rate in the normal and extreme year, respec-
tively. The sedimentation in the low ﬂood year is mostly con-
centrated in the compartments close to the border channels
and main rivers. Sediment is not deposited in central LXQ
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Figure 11. Map of sedimentation in the VMD ﬂoodplains. Top panels: sediment deposition rate (gm−2 day−1) during the period of com-
partment opening (left panel), during ﬂood peak discharge (center panel) and during the period of compartment closing (right panel) in
the normal ﬂood of 2009. Bottom panels: cumulative sediment deposition (kgm−2 yr−1) in 2009, 2010 and 2011. The bars indicate the
differences between measured and simulated cumulative sediment deposition.
and very little sediment is trapped in central PoR. Figure 11
(bottomrowpanels)alsoshowsthedifferencesbetweenmea-
sured and modeled sedimentation (vertical bars). The small-
est differences are observed in upper PoR, where the sam-
pling locations are closer to the sediment sources, i.e., Tien
River and overland ﬂow from Cambodia. In the remote areas
in PoR and LXQ the simulated SSC is very small, as Figs. 8
and 9 illustrate. The main sediment source seems to be local
erosion in channel beds, river banks, and ﬂoodplains, which
is likely to be the major reason for the differences between
measured and simulated sedimentation.
6 Conclusions
This study presents a comprehensive approach to quantify
suspended sediment and sediment-related nutrient transport
and deposition in the whole Mekong Delta. The heteroge-
neous system is described by a quasi-2D model linking a hy-
drodynamic and a cohesive sediment transport model. A two-
stage model calibration approach using six objective func-
tions was applied. By this approach, different types of ob-
served point and spatial data are taken into account with the
aim to obtain the best possible model representation of the
large-scale water and sediment transport. It can be concluded
that,fortheﬁrsttime,alarge-scalequantiﬁcationofsediment
and sediment-related nutrient transport and deposition for the
whole Mekong Delta has been achieved.
The model considers only sediment originating from the
Mekong Basin and entering the Mekong Delta at Kratie.
Resuspension and erosion in channels and ﬂoodplains are
explicitly excluded through appropriate model parameteri-
zation. As a consequence, the simulations tend to underes-
timate sedimentation in the ﬂoodplains. This effect is partic-
ularly pronounced in areas of the Vietnamese Mekong Delta
(VMD) at a large distance from the main rivers (parts of the
Plain of Reeds (PoR) and Long Xuyen Quadrangle (LXQ)).
In these regions very low suspended sediment concentrations
prevail, and hence erosion and remobilization is more impor-
tant for ﬂoodplain sedimentation compared to regions closer
to the main rivers and channels. Particularly sediment remo-
bilization are highly inﬂuenced by human activities, speciﬁ-
cally net ﬁshing in channels and ﬂoodplains, but also chan-
nel bank erosion caused by ship and boat trafﬁc is a poten-
tial local sediment source. However, the understanding and
quantiﬁcation of these processes require further ﬁeld inves-
tigations and a more complex model setup including local
erosion.
The model quantiﬁes spatial and temporal variations of the
suspended sediment transport and sediment–nutrient depo-
sition from Kratie at the entrance of the Mekong Delta to
the coast. A very high variability of ﬂoodplain sedimentation
was observed in the VMD. Generally, higher rates occur in
closer distances to sediment sources. During the rising ﬂood
stage no sedimentation in ﬂoodplains occurs due to closed
sluice gates. The channel network is effective in transport-
ing and distributing sediment, also deeply into remote ﬂood-
plain areas. During the ﬂood peak stage, ﬂood water can en-
ter ﬂoodplain compartments, initiating sediment deposition.
The outﬂow from compartments dilutes SSC in the chan-
nels, which causes in turn a high heterogeneity of SSC in
the dense channel network of the VMD. Furthermore, SSC
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becomes very small as distance from the sediment sources
grows, which contributes to the very high variability of ﬂood-
plain sedimentation.
Based on these ﬁndings, the following recommendations
can be deduced in order to achieve higher sediment de-
position and a lower spatial variability across the VMD:
(1) ﬂow of the border channels with low SSC currently en-
tering the VMD ﬂoodplains should be redirected. This could
be achieved by increasing the capacity of the border chan-
nels and directing the water to Vam Co River in PoR, or
to the Gulf of Thailand in LXQ. This should cause higher
SSC stemming from the Tien and Hau rivers in remote ar-
eas of the ﬂoodplains. (2) The channels starting from Tien
River and Hau River should be enlarged to be able to convey
higher sediment mass towards the ﬂoodplains. (3) From a
management point of view, crop schedules in PoR and LXQ
should be adapted to keep sluice gates open for longer pe-
riods, and compartments/sluice gates in larger distance to
sediment sources should be opened earlier than the nearer
compartments. Optimizing the operation of sluice gates on
a larger scale is the best solution to transport and trap sed-
iment in the ﬂoodplain compartments of PoR and LXQ in
the VMD with no additional investments in infrastructure.
The presented work thus supports a similar recommendation
given by Hung et al. (2014a).
The presented quantiﬁcation of the nutrient input by sed-
iments presents an opportunity to assess the nutrient deﬁcit
to be expected in the high dike compartments in the VMD. It
would allow a data-based cost–beneﬁt analysis of natural in-
undation versus dike construction and implementation of the
three-crop-per-year cropping pattern.
The study also shows, as expected, that the Mekong River
basin is a net contributor of sediment to the Mekong Delta.
The annual spatial average ﬂoodplain deposition of 0.3–
1.8mm, which can be much higher locally, is not only an
important, but in fact the only counterbalance to land subsi-
dence, as well as (to some extent) sea level rise in the MD
(Syvitski et al., 2009). In particular, the actual and expected
sea level rise exceeds ﬂoodplain deposition, and any changes
leading to reduced deposition poses a serious threat to the
Mekong Delta. This includes local changes in the delta like
complete blocking of ﬂoodplain inundation for an increased
agricultural production, but also sediment starvation of the
Mekong River caused by increased damming in the Mekong
Basin (Kondolf et al., 2014; Kummu et al., 2010). The most
dramatic effects would be increased ﬂood hazard and ero-
sion, particularly of main river beds and shore lines.
The model results might also be helpful for detailed stud-
ies of this latter point by providing sediment loads entering
the sea. This information can be used as boundary condi-
tions for studies on sediment transport and erosion along the
coast and the subaqueous delta. This is currently a hot topic
as well, since the coastline of the Mekong Delta is subject
to considerable erosion (Tamura et al., 2010; Anthony et al.,
2013).
Finally, the model can be used to quantify impacts of
planned and ongoing dam construction in the Mekong Basin
in terms of ﬂoodplain deposition and sediment distribution
in the Mekong Delta. In a similar manner, the impact of the
current and expected sea level rise on the sediment transport
in the MD can be estimated. These points will be covered in
a follow-up study.
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